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SUMMARY: We describe our laboratory investigation of a massive foodborne outbreak of gastrointestinal illness caused by enterotoxigenic Escherichia coli (ETEC) serotype O169:H41 that occurred during a 2-day traditional festival held in September 2012 in Osaka Prefecture, Japan. Of 126 customers who patronized a particular Japanese restaurant during the event, 102 developed symptoms of gastrointestinal disease. We isolated strains of ETEC serotype O169:H41 from 1 food sample and from fecal samples collected from 19 of 34 patients and 2 of 4 food handlers. Pulsed-field gel electrophoresis analysis of these isolates suggested that the foodborne pathogen that caused the diarrheal outbreak was a specific clone of ETEC serotype O169:H41. Based on these findings and our interviews with the restaurant owner and employees, we concluded that a likely cause of the outbreak was an overwhelmed capacity of the restaurant kitchen in terms of preservation of sanitary procedures during the festival and the inability of the restaurant staff to handle the relatively large quantity of food to ensure a lack of contamination with ETEC. Thus, we reconfirm that ETEC strains of serotype O169:H41 remain important causes of domestic foodborne outbreaks in developed countries, including Japan.
Enterotoxigenic Escherichia coli (ETEC) is an important causative agent of diarrhea in individuals living in and traveling to developing countries (1, 2) . In addition, this pathogen has frequently been identified as the source of domestic foodborne outbreaks in Japan (3, 4) . ETEC serotype O169:H41 has notably become one of the most prevalent ETEC pathogens since the first outbreak caused by this pathogen was described in 1991 (3, 5, 6) . In the present report, we describe our laboratory investigation of a massive foodborne outbreak of gastrointestinal illness caused by ETEC serotype O169:H41 during a 2-day traditional festival held on September 15th and 16th, 2012, in Osaka Prefecture, Japan.
On September 18th, 2012, a public health department in Osaka Prefecture was notified of complaints of gastrointestinal disease among those who patronized a particular Japanese restaurant on September 15th and 16th. Standard questionnaires administered by health agencies revealed that 102 of 126 patrons developed clinical symptoms between September 16th and 21st (Fig. 1) . All patients experienced diarrhea, 68.6z patients had abdominal pain, 36.3z had fever, 25.5z had nausea, and 5.9z had vomiting. The median incubation period was 37 h (range, 7-140.5 h), the median patient age was 35 years (range, 8-80 years), and 28.4z of patients were females (Table 1) .
Between September 21st and 26th, 38 fecal samples were obtained from 34 patients and 4 food handlers. In addition, 10 swabs were collected from the kitchen, and 6 available samples of 67 foods served to patients were collected to explore the possible presence of foodborne pathogens. To detect diarrheagenic E. coli, fecal specimens were spread-plated on desoxycholate hydrogen sulfide lactose (DHL) agar plates (Nissui Pharmaceutical Co. Ltd., Tokyo, Japan) and incubated at 369 C for 20 h. The presence of virulence genes of diarrheagenic E. coli was screened using the colony-sweep PCR method. In brief, suspected E. coli cells from either areas of confluent growth or individual colonies on DHL agar plates were transferred to tubes containing 1.0 ml of washing buffer (sterile phosphate-buffered saline [PBS] at pH 7.0), vortexed, and centrifuged at 2,200 × g for 5 min. Each resulting pellet was The gene encoding a transcriptional activator of the gene that in turn encodes aggregative adherence fimbria I in enteroaggregative E. coli. 6) : The enteroaggregative E. coli heat-stable toxin 1-encoding gene. 7) : Commercially available PCR primer sets used to detect DNA of bacterial pathogens (Takara Biochemicals, Shiga, Japan). 531 resuspended in 500 ml of sterile distilled water, heated at 959 C for 10 min, and quickly cooled on ice. Each lysate was centrifuged at 20,000 × g for 5 min, and DNA was isolated from each supernatant and analyzed by PCR. Two multiplex PCR amplifications were performed to detect 8 diarrheagenic E. coli virulence genes ( Table 2) . PCR reaction mixtures were prepared using puReTaq Ready-To-Go PCR Beads (GE Healthcare, Piscataway, N.J., USA) containing the primers shown in Table 2 and 2 ml of DNA template in a final volume of 25 ml. The amplification conditions used in this study have been described previously (13) . The amplified PCR products were electrophoresed in 2.0z (w/v) agarose gels and visualized by staining with ethidium bromide and viewing under UV light. Suspected E. coli colonies were picked from plates that were found positive in the multiplex PCR assays and confirmed to be diarrheagenic E. coli using conventional biochemical tests and PCR to detect the virulence genes. In addition, the E. coli isolates were O:H-serotyped using commercial antisera kits (Denka Seiken Co., Ltd., Tokyo, Japan).
Swabs and food samples were added to 9 volumes of BBL TM Trypticase TM Soy Broth (TSB; Becton Dickinson, Sparks, Md., USA) and incubated at 369 C for 20 h. DNA PCR templates (containing diarrheagenic E. coli virulence genes) were prepared from 100 ml aliquots of each TSB culture using an alkaline lysis method, and multiplex PCR analyses were then performed as described above. PCR-positive cultures were spread-plated on DHL agar and CHROMagar ECC (CHROMagar Microbiology, Paris, France) plates, and bacterial isolation was performed as described above.
Antimicrobial susceptibility testing was performed using the Kirby-Bauer disk diffusion method following the procedures established by the Clinical and Laboratory Standards Institute (14) . A total of 11 antibiotics (ampicillin, cefotaxime, chloramphenicol, ciprofloxacin, gentamicin, kanamycin, nalidixic acid, ofloxacin, streptomycin, tetracycline, and trimethoprim-sulfamethoxazole) were tested. The isolates were subtyped by pulsed-field gel electrophoresis (PFGE), and XbaIdigested DNA was separated using a CHEF-DR III apparatus (Nippon Bio Rad, Tokyo, Japan) (15) . PFGE patterns of the isolates were compared with those of ETEC serotype O169 strains harboring the STp gene that had previously been isolated from patients who fell ill during other foodborne outbreaks, overseas travelers, or patients who complained of sporadic diarrhea between 2004 and 2012 in Osaka Prefecture. BioNumerics software (Applied Maths, Kortrijk, Belgium) was used to study the genetic relatedness. E. coli O169:H41 containing the gene encoding STp and astA were isolated from the fecal specimens of 19 patients and 2 food handlers. Antimicrobial susceptibility testing revealed that all ETEC serotype O169:H41 isolates were resistant to tetracycline. Of the 10 swabs and 6 food samples tested by TSB culture, 1 food sample (fried fish) was positive for STp and astA genes. This food sample was incubated on DHL and CROMagar ECC plates; however, growth of E. coli was inhibited by the large numbers of bacterial competitors present. To inhibit the growth of these bacteria, 1 ml of TSB culture was added to 9 ml of E. coli (EC) broth (Eiken Chemical Co. Ltd., Tokyo, Japan) and cultured at 44.59 C for 22 h. Next, these broth cultures were spread-plated on CROMagar ECC with 20 or 40 mg/ml tetracycline and incubated at 369 C for 22 h. This secondary enrichment allowed ETEC serotype O169:H41 with the STp and astA genes to be isolated from the fried fish sample.
The PFGE patterns of 22 ETEC serotype O169:H41 strains from patient and food handler fecal samples and a fried fish sample were in complete agreement (Fig. 2) . However, the PFGE profile of ETEC serotype O169:H41 differed from those of other ETEC serotype O169 strains isolated between 2004 and 2012 in Osaka Prefecture (the extent of similarity was º73.2z) (Fig.  3) . These results suggest that the causative pathogen of the foodborne diarrheal outbreak under investigation was a specific clone of ETEC serotype O169:H41. Moreover, this conclusion was supported by the fact that no other foodborne bacteria or viruses, except for the ETEC serotype O169:H41, were detected in this outbreak. Based on epidemiological data and the results of our investigations, the health agency ordered the restaurant to close for 5 days.
To explore whether contaminated fried fish caused the outbreak, we used a most-probable-number approach (16) to measure the number of ETEC serotype O169:H41 bacteria in EC broth incubated with fried fish samples. The number of presumptive E. coli present was below the detectable limit of 3.0 × 10 -1 bacteria/g of food. In addition, 89 (87.3z) of the 102 patients reported that they had not consumed this food. These results suggested that fried fish was not the causative food; rather, the fish was contaminated by the actual culprit, which was unavailable to us for analysis.
The present outbreak occurred during the 2-day traditional festival, which attracted approximately half a million people. Interviews with the restaurant owner and employees revealed that although 1 ETEC serotype O169:H41-positive food handler had complained of persistent diarrhea for a few days before the festival, the employee was allowed to continue working. Furthermore, although the restaurant normally prepared only a few dozen meals each day, more than 400 meals were provided during the event, and the preparation of these meals commenced 2 days prior to the festival. Thus, we conclude that the cause of the outbreak may have been improper handling of raw materials or pre-prepared meals resulting in contamination with ETEC serotype O169:H41 bacteria from the food handler with diarrhea and the capacity of the restaurant kitchen to safely prepare this quantity of food was overwhelmed.
Konishi et al. found that although no outbreaks of ETEC serotype O169 had been detected prior to 1990, 32 such outbreaks were reported between 1991 and 2009 in Tokyo (3). Moreover, several reports have suggested that ETEC serotype O169:H41 is a relatively new cause of epidemics; this pathogen has also been identified as a causative agent of diarrheal outbreaks in the United States (17, 18) . Therefore, we reconfirm that ETEC serotype O169:H41 strains continue to be important causes of domestic foodborne disease outbreaks in developed countries, including Japan.
